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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Flupirtine has been on the market for about

30 years in several European countries as an
analgesic. This use has not resulted in
regulatory action concerning hepatotoxicity.

WHAT THIS STUDY ADDS
• When used in a novel indication,

hepatotoxicity was frequent with flupirtine,
questioning the general assumption that
the safety profile in one indication can be
extrapolated to other indications.

AIMS
To determine efficacy of the analgesic flupirtine in the treatment of
overactive bladder syndrome in a proof-of-concept study.

METHODS
Double-blind, double-dummy, three-armed comparison of flupirtine
extended release (400 mg/day, titrated to 600 mg/day), tolterodine
extended release (4 mg/day) and placebo for 12 weeks.

RESULTS
When major elevations of liver enzymes (more than three times the
upper normal limit) were detected in several flupirtine-exposed
patients, the study was prematurely discontinued. Based on study-end
data, hepatotoxicity was detected in 31% of patients receiving
flupirtine for �6 weeks.

CONCLUSIONS
Unexpected frequent and relevant toxicity can occur when testing an
established drug for a new indication.

Introduction

There is growing medical and commercial interest to
develop registered drugs for additional indications, with
the implicit assumption that the overall pharmacokinetics
and safety of that drug are already established, allowing
a faster and cheaper drug development for the new
indication.

The selective neuronal KCNQ (KV7) potassium channel
opener flupirtine [1, 2] has been in clinical use as a cen-
trally acting, non-opioid analgesic in Europe since 1981
[3]. It is undergoing clinical evaluation in fibromyalgia,

tinnitus [4] and Creutzfeldt-Jakob disease [5]. Flupirtine is
generally considered safe in its licensed indication [3, 6],
even upon chronic use [7], with liver enzyme elevations
occurring in <0.01% of patients according to the German
prescribing information [8]. Based upon promising effi-
cacy data in animal models [9], we have performed a
phase II double-blind, randomized proof-of-concept trial
with flupirtine in overactive bladder syndrome (OAB)
patients. This study was prematurely discontinued owing
to frequent serious liver dysfunction, indicating that an
established drug is not necessarily safe when used for a
new indication.
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Patients and methods

In an international (Poland, Germany and Sweden) multi-
centre trial, OAB patients �18 years old were randomized
to receive once daily placebo, flupirtine extended release
or tolterodine extended release for a planned 12 weeks of
double-blind, double-dummy treatment after 2 weeks of a
single-blind placebo run-in period (EudraCT 2006-004854-
26, http://www.clinicaltrials.gov NCT00439192). Key exclu-
sion criteria were treatment with any OAB medication
within 4 weeks prior to study entry, history of liver disease
and/or impaired liver function, evidence of significantly
impaired renal function or chronic alcohol or drug abuse.
The study was in line with the Declaration of Helsinki,
adhered to International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuti-
cals for Human Use guidelines and had been approved by
the responsible ethical committees. Each patient gave
written informed consent.

Patients in the flupirtine group received 400 mg/day
for 8 weeks, followed by a protocol-specified ‘forced’ titra-
tion to 600 mg/day for 4 weeks. Patients in the tolterodine
treatment group received 4 mg/day for the duration of the
treatment period. It was planned to randomize 110
patients each to flupirtine and placebo treatment and 55
patients to tolterodine treatment. Visits were planned at
screening (week -2), at randomization (week 0), after 2, 6
and 8 weeks (forced titration in flupirtine group), after 12
weeks (study end) and 2 weeks after study end. The con-
centration of flupirtine and its N-acetyl metabolite in
plasma was determined by high-performance liquid chro-
matography using fluorescence detection. The method
was validated at Prolytic GmbH (Frankfurt, Germany) and
had a lower limit of quantification of 5 ng/ml-1 for both
flupirtine and the metabolite when using 250 ml of plasma.

At each visit, treatment-emerging adverse events (AEs)
were recorded and encoded at the Medical Dictionary for
Regulatory Activities preferred term level. Laboratory tests
and vital signs were assessed during each visit while
receiving study medication; physical examination and
electrocardiograms were performed at visits one and six.
All laboratory tests were centrally performed by Laborato-
rium für Klinische Forschung (Raisdorf, Germany).

Data analysis was carried out using SAS® version 8.2
(SAS Institute Inc., Cary, NC, USA) and data are reported as
means � SD of n subjects. Upon the decision to discon-
tinue the study prematurely, a specific study-end visit,
including laboratory tests, was performed for each patient
having had at least one dose of study medication but not
yet having completed the study.

Results

207 patients were randomized and received at least one
dose of study medication (Figure 1).Demographics,comor-

bidities and comedications were similar across all three
treatment groups (Table 1). Patient compliance based
upon pill counts was 77.9%, yielding mean plasma concen-
trations of flupirtine and its N-acetyl metabolite as mea-
sured during exposure to 400 mg/day of 794 � 329 and
719 � 310 ng/ml-1 after up to 2 weeks (n = 71) and 788 �
351 and 682 � 276 ng/ml-1 after up to 8 weeks of treat-
ment (n = 28); during exposure to 600 mg/day, they were
1248 � 606 and 1037 � 404 ng/ml-1, respectively, after up
to 12 weeks (n = 12).

During routine safety review, eight patients showed
critically high liver enzyme values (more than three times
the upper normal limit; mostly alanine aminotransferase,
ALT). When these patients were unblinded for safety
reasons, seven of them were receiving flupirtine and one
placebo. This led to immediate termination of the entire
study. At that time point, 19 of 82, 16 of 84 and 11 of 44
patients in the placebo, flupirtine and tolterodine group,
respectively, had completed the study as planned. Based
on closing documentation, ALT values more than three
times the upper normal limit (up to 1034 IU/l) were
detected in 14 of 84 flupirtine-exposed patients. Of those,
eight also had increased aspartate aminotransferase (AST)
up to 1636 IU/l, including one with total bilirubin concen-
trations of up to 142 mmol/l. Among 82 placebo-exposed
patients, one each had a critically high ALT or AST, whereas
no critical elevations were seen in the 41 tolterodine-
treated patients. Most liver enzyme elevations occurred
after 4–6 weeks of treatment. In patients treated for at least
6 weeks with flupirtine, the incidence of liver dysfunction
as assessed by abnormal ALT and/or AST was 31%. At the 6
week time point, mean � SD ALT concentrations were 100
� 198 (n = 44), 25 � 11 (n = 47) and 23 � 9 IU/l (n = 26) in
the flupirtine, placebo and tolterodine group, respectively,
whereas mean AST concentrations were 84 � 247, 25 � 6
and 26 � 6 IU/l, respectively. Patients experiencing abnor-
mal liver function were asymptomatic (except for fatigue
in the patient with high bilirubin), and all recovered fully.

Flupirtine-exposed patients exhibiting liver enzyme
elevations did not differ remarkably from those without
such alterations in any of the baseline parameters, includ-
ing comorbidities and comedications, except for four
patients with liver enzyme elevations having increased
peripheral eosinophil counts, indicating possible drug
hypersensitivity. Of note, flupirtine plasma concentrations
did not differ significantly or consistently between the two
groups (week 2, 831 � 364 vs. 787 � 326 ng/ml-1; week 8,
540 � 404 vs. 829 � 301 ng/ml-1; and week 12, 1520 � 978
vs. 1179 � 518 ng/ml-1).

Other than those liver enzyme elevations, the general
safety and tolerability profile of the study drugs was largely
as expected.Thus, in the placebo, flupirtine and tolterodine
groups, a total of 45 AEs in 18 patients (22.0%), 82 AEs in 40
patients (47.6%) and 46 AEs in 16 patients (39.0%) were
observed, respectively.Twenty AEs led to study discontinu-
ation in 13 flupirtine and one placebo patient. Serious
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Figure 1
Patient disposition

Table 1
Demography and baseline characteristics by treatment group

Placebo Flupirtine Tolterodine Total

n 82 84 41 207
Age (years) 60.9 � 10.8 58.9 � 13.8 61.1 � 12.7 60.1 � 12.4
Female gender 65 (79.3) 72 (85.7) 36 (87.8) 173 (83.6)
Height (cm) 166 � 8 165 � 7 162 � 8 165 � 8
Weight (kg) 81 � 19 78 � 15 75 � 15 78 � 17
Body mass index (kg/m2) 29.1 � 5.8 28.6 � 5.8 28.4 � 5.0 28.8 � 5.6
Duration of overactive bladder syndrome symptoms (months) 67 � 65 72 � 84 50 � 39 66 � 70
Most frequent comorbidities

Vascular disorders 33 (40.2) 24 (28.6) 13 (31.7) 70 (33.8)
Metabolic disorders 19 (23.2) 17 (20.2) 6 (14.6) 42 (20.3)
Musculoskeletal or connective tissue disorders 14 (17.1) 15 (17.9) 10 (24.4) 39 (18.8)
Concomitant medications 55 (67.1) 50 (59.5) 28 (68.3) 133 (64.3)

Data are shown as number of subjects (% of respective group) or as means � SD. Note that multiple nominations were possible for comorbidities.
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AEs were observed in two flupirtine patients (one basal
cell carcinoma and one cerebrovasular accident; both
leading to study withdrawal) and one in a placebo patient
(gastroenteritis; patient continued study as planned); all
three serious AEs were judged as not treatment related by
the investigator and sponsor. Adverse events leading to
study discontinuations were observed in one placebo
patient (fatigue), 13 flupirtine patients (five ‘liver function
test abnormal’, one ‘hepatic enzyme increased’, one ‘ALT
and AST increased’, one ‘rash’, one ‘basal cell carcinoma’, one
‘cerebrovascular accident’, one ‘hypersensitivity, allergic
dermatitis’, one ‘abdominal pain, vomiting’ and one
‘pyrexia, pruritus’) and two tolterodine patients (one ‘liver
function test abnormal’ and one ‘upper abdominal pain’).
Otherwise, no clinically important alterations in biochemi-
cal or haematological parameters, urinalysis, electrocardio-
gram or vital signs on physical examination were noted.

Discussion

Flupirtine has been used as a prescription analgesic in
Germany and some other countries for about 30 years,
where it has generally been considered to be a safe drug
with a low potential for liver enzyme elevations [3, 6, 7], as
also reflected in the German prescribing information [8].
Flupirtine was even recommended as a safe alternative for
patients experiencing AEs during treatment with nonste-
roidal anti-inflammatory drugs [6]. In limited studies with
tinnitus patients (24 patients treated with 2 ¥ 100 mg/day
for 3 weeks [4]) or Creutzfeldt-Jakob disease patients (13
patients treated with 3–4 ¥ 100 mg/day for up to 10
months [10]), elevated liver enzymes were not reported.
Moreover, a single dose of 100 mg was reported not to
worsen pre-existing liver disease despite yielding very
high drug exposure [11].Therefore, it was highly surprising
that flupirtine treatment of OAB patients in our study was
associated with markedly elevated liver enzymes in 31% of
patients being exposed to at least 6 weeks of treatment. It
was also remarkable that in almost all cases abnormal liver
function was asymptomatic. Moreover, some cases of
abnormal liver function during flupirtine treatment were
accompanied by an increased number of peripheral eosi-
nophils, pyrexia and/or pruritus, indicating a possible
immuno-allergic type of hepatotoxicity. A recent histo-
pathological study has also suggested that flupirtine-
induced liver injury may have clinical and histological
features in line with an immune-mediated toxicity [12].

As the present study was designed as a proof-of-
concept for efficacy in OAB patients, we have only limited
information elucidating the causes of frequent liver
impairment in our cohort. The dosage and formulation in
our study was identical to the registered drug in its anal-
gesic indication in Germany [8]. Accordingly, measured
plasma concentrations in our study were in the expected
range compared with reported values [3] and were similar

in flupirtine-exposed patients with and without liver
enzyme elevations. Other known factors predisposing to
drug-induced hepatotoxicity, such as advanced age or
female gender [13], were also similar in our population
compared with reported analgesia populations [3, 6, 7].
While many patients using flupirtine for its analgesic indi-
cations may take it for only a few days, hepatic damage has
not been reported in patients taking it for up to a year [7,
10]. In contrast, a trial published after the premature dis-
continuation of our study reported elevation of liver
enzymes/bilibrubin in almost 3% of patients receiving
300 mg flupirtine for 1 week [14]. A short report from the
safety database of the Arzneimittelkommission der deut-
schen Ärzteschaft published after discontinuation of our
study lists 151 cases of flupirtine-associated hepatotoxic-
ity; an incidence estimate was not provided, but the accu-
mulated number of cases is contrasted with >17 million
dispensed defined daily doses in 2006 alone [15]. These
findings raise the possibility that the high incidence of
hepatic toxicity in our study may be related to specific
factors in OAB patients, but we have not identified any by
comparing our patients with those reported in other flu-
pirtine studies or by comparing patients within our study
with and without liver damage. An alternative possibility
would be that monitoring during registration studies three
decades ago was less strict than today [16] and that post-
marketing surveillance since then may have been insuffi-
cient [17]. Also, asymptomatic abnormal liver function, as
observed in most of our patients, may not be detected in
routine clinical practice.

Conclusion
Irrespective of the possible cause of the unexpected hepa-
totoxicity, our data show that even long-approved drugs
may behave quite unexpectedly when used nowadays in
different patient populations/indications. Physicians, spon-
sors and regulators alike should carefully consider this pos-
sibility when prescribing, developing or approving existing
drugs for novel uses.
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